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Certain of the alloys of the aluminum-zinc series have 
found a more or less extensive use as light alloys for certain 
kinds of foundry work. Under the name of Alzine, and Sibley 
Casting Metal, they have been suggested for making castings, 
for which pure aluminum is unsuited. They are said to ex- 
pand on freezing, and to thereby yield sharper castings. While 
no exact determination of the question of whether or n6.t the 
alloys expand on freezing has been made, it seems probable that 
the greater fluidity, and lesser surface tension are the real ex- 
planation of their superior casting properties. An examination 
of the shape assumed by drops of the alloys shows that with in- 
creasing amount of zinc there is a marked flattening of the 
shape of the drops. Thus pure aluminum, when cast in an ingot 
mould, gives a surface which is dome-shaped rather than flat, 
while, with more than twenty percent of zinc, the upper surface 
becomes concave, and the edges quite sharp. The alloy with 
twenty-five percent of zinc evidently adapts itself more readily 
to the effect of gravity and gives fairly sharp edges, while those 
of the pure metal are very much rounded. I t  does not seem 
necessary, therefore, to adopt any hypothesis as to expansion on 
freezing, to account for the sharper castings given by the alloy. 
I t  is also stated that these alloys are much more stable than 
most of the aluminum alloys, a fact which finds its explanation 
in the fact that the two metals are quite near each other in the 
voltaic series, and that therefore there is less difference of 
potential and consequently less tendency to corrosion by galvanic 
action. 
There has been but little work done on the constitution of 
this series of alloys. Gautier’ made an approximate deter- 
inination of the freezing-point curve. Heycock and Xevillez 
determined the curve accurately, using the resistance pyrometer, 
and taking the necessary precautions as to supercooling, etc. 
Their data are given in Table I. 
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TABLE I
- 
Percent A1 I F. P. I Percent AI ~ F. P. 
2 0  
I 
3 2  I 
5 4  I 
7 6  I 
7 6  I 
9 7  
I4 5 
18 8 1 
2 5  0 
30 3 , 
36 2 
418.6' 
40s .oo 
(380.6') 
392,0° 
(380  ' 9O) 
404 ' 9 O  
447 ' 3 O  
418.4' 
466. IO 
492,6' 
508,4' 
525.4O 
46 3 548 5 O  
55 8 571 I o  
68 9 598 7 O  
88 1 , 634 4O 
91 3 639 5O 
94 2 I 644 9 O  
50 9 560 2' 
,6s o 1 584 5' 
74 613 oo 
81 8 ~ 623 z0 
so0 0 654 0' 
Looguinine and Sch~ikareff~ attempted to get at the con- 
stitution by a study of the heat of formation of the various 
alloys. Unless the alloys examined had reached equilibrium at 
the temperature at which their determinations were made, it is 
obviously impossible to deduce any exact conclusions from the 
data obtained. Since we know that they took no precautions 
to enable the alloys studied to reach equilibrium, it necessarily 
follows that their results can have only a qualitative significance, 
although they made the determinations with the greatest care. 
Recently H. Pecheux4 has stated that he obtained the 
following definite alloys of aluminum and zinc. Zn,Al, Zn,Al, 
ZnAl, ZnAl,, ZnAl,, ZnAl,, ZnAl,, ZnAl,,, and ZnAl,,. I t  is 
difficult to determine, from what the author says, just what he 
means by a definite alloy. Certain of his statements would 
indiSate that he regarded the above symbols as expressing a 
definite combination between the aluminum and zinc in the 
above proportions. This is so obviously in error, that one is in- 
clined to assume that he means that the two metals can be 
melted together in the above proportions. If the latter supposi- 
tion is correct, then an apt comment would be, that the publica- 
tion of the freezing-point curve, as far back as 1897, had denion- 
strated that point perfectly. 
Both Louguinine and Schukareff, and Pecheux have used 
fire-clay crucibles in which to melt the alloys but it has been 
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2 
shown many times that molten aluminuin attacks all kinds of 
clay, absorbing silicoii and thus rendering the material too im- 
pure for experimental work. 
We may accept Heycock and Neville's freezing-point deter- 
minatioiis as sufficiently exact, and from it we see that there are 
only two possible solid phases. Whether these be pure zinc, 
and pure alumintun can only be determined by other methods, 
but the existence of compounds is positively exclude& The 
present investigation began with the determination of the 
density curve for this series of alloys. 
The metals were melted up in crucibles made of artificial 
graphite. The temperature was watched so that it never rose 
above 700'. At this temperature graphite is but very slightly, 
if at all, absorbed by alurninum, and as the graphite was free 
from silicon this enabled us to obtain a very pure alloy. An 
atmosphere of coal gas was maintained, thereby avoiding 
oxidation. 
The densities of the ingots were determined by weighing 
the ingots in benzene and subsequently recalculating the values 
to the basis of water at 20' = I. Since it was possible to 
weigh accurately to within two-tenths of a milligram, and the 
samples weighed twentp.five granis, the determinations of 
density were considered to be sufficiently accurate. They were, 
2 865 
2.847 
'No. Deiisity 
~~ 
90 
80 
7 0  
60 
5 0  
40 
TABLE I1 
~~ ~ ~ _ _  
0 ' 3490 
0.3512 
0,3299 
0.3305 
0,3077 
0.3096 
0.2858 
0.2867 
0.2665 
0.2641 
I 
2 ' 3 785 
I 4 160 0 2404 
2 4 168 , o 2398 
4.670 
4.687 
5 ,228  
5 .280  
6.078 
6 ,087  
2.687 
2.693 
7.136 
o 2140 * 
0 2133 
o 1912 
0 I894 
0.1645 
0 .  I 643 
0 3713 
o 1401 Mean of 5 
0.3721 
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in fact, more accurate than the variations in the ingots would 
require. The results obtained are given in Table XI, and the 
results plotted in Fig. I. It appears that while the observed 
(solid curve) and calculated (dotted curve) values for the density 
do not agree, there is no marked variation, and we are therefore 
led to the plotting of the results in terms of specific volumes. 
This is also shown in Fig. I ,  and, as is seen, the specific volume 
curve consists of two branches which meet at about the 
Composition fifty percent aluminum. Since the specific volume 
curve must consist of straight lines joining the volumes of the 
phases which make up the alloy, these results would indicate 
. 
Fig. I 
that the composition of the phases present were approximately 
pure zinc, and a solid solution of zinc in aluminum with a 
limiting concentration of about fifty percent. Precisely the 
same shaped curves would result if there were present three 
phases, as, for example, a compound of zinc and aluminum, 
which contained fifty percent of each, and which did not form 
solid solutions with either. But the freezing-point curve has 
shown that no compounds exist, consequently the explanation 
that there is a solid solution whose limiting concentration is 
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fifty percent, is probably the correct one. Necessarily, we must 
make certain that the densities in question are obtained on in- 
gots in which equilibrium has been reached, and this was done. 
To  bring about equilibrium the alloys were annealed for a week 
by boiling in naphthalene. After this annealing it would be 
expected that the ingots would have reached equilibrium, or if 
not, that they would show some change indicating that they 
were approaching it. As a result of such an annealing, it was 
found that there was too little change in density to affect the 
results above given, and we are therefore justified in assuming 
the above determinations to be sufficiently correct to warrant 
the deductions which we have based upon them. 
Since Heycock and Keville did not examine the alloys for 
other than the freezing-point evolutions of heat, it was desirable 
to establish the presence or absence of such secondary changes. 
I t  was also necessary to ascertain whether the existence of the 
solid solution was indicated by the absence of the eutectic tem- 
perature in the cooling of alloys containing more than fifty per- 
cent of aluminum. Alloys containing sixty and fifty percent of 
aluminum were examined by means of the recording pyrometer. 
The freezing-point was marked but there was no evolution of 
heat at 381", as would be the case if the limiting concentration 
of the solid solution were more than sixty percent aluminum, or 
if a compound with a composition of fifty percent were present. 
On the other hand, the alloy containing forty percent of 
aluminum did show the evolution of heat at the eutectic tem- 
perature. Thus it is shown, that the hypothesis of a solid solu- 
tion containing fifty percent aluminum, as suggested by the 
specific volume curve, is borne out by the pyrometric evidence. 
There remain two other methods of attacking this problem, 
the analytical method suggested by Bancroft and the micro- 
scopic. The analytical method is barred out because of the 
volatility of the zinc, and by the difficulty of keeping the 
aluminum melted for any length of time without it becoming 
contaminated with impurities. 
Microscopically, all alloys with more than sixty percent of 
aluminum are homogeneous whether chill-cast or annealed. At 
I. 60 Percent A1 11. 40 Percent A1 
111. 30 Percent A1 
IV. I Percent A1 cast V. 4 Percent A1 cast 

sixty percent the cast alloy shows a trace of intercrystalline 
material. This intercrystalline material is ill-defined, as is 
shown by photograph I. I t  amounts to a difference in composi- 
tion of the large crystals rather than to h definitely crystallized 
mass, In  this respect it resembles the chill-cast bronzes of more 
than ninety-two percent copper. When this alloy is annealed, 
this inhomogeneity disappears entirely, leaying the homogeneous 
solid solution. 
The alloy containing forty percent aluminum is not homo- 
geneous either cast or annealed, photograph 2. Here the 
presence of a true eutectic is easily seen, though the softness of 
the metals does not allow the granular nature of the eutectic to 
be well shown in the photograph. Since the composition of the 
eutectic is at five percent aluminum, it is seen that on any other 
assumption than that there is present a solid solution of about 
fifty percent aluminum, we would be unable to account for the 
small amount of eutectic in alloys of only forty percent aluminum. 
At thirty percent of aluminum, the fern-like crystals of the solid 
solution appear surrounded by eutectic, photograph 3. 
Photograph 4 shows the alloy containing one percent of 
aluminum as cast. The structure is quite unlike that of zinc, 
showing that a certain amount of intercrystalline material was 
present. This eutectic, however, disappears on annealing, leav- 
ing a homogeneous ingot. Similarly, the four percent alloy 
cast (photograph 5) is nearly homogeneous after annealing. The 
extreme softness of these alloys renders polishing difficult, but 
after repeated trials, we were able to show that the four percent 
alloy is nearly homogeneous. 
From the microscopic examination in conjunction with the 
other data, we are enabled to draw the equilibrium diagram for 
the series. The pyrometric evidence shows that the solidus for 
the aluniinum-rich crystals crosses the eutectic isotherm at a 
little over fifty percent of aluminum. The microscopic exami- 
nation shows that at the annealing temperature, isotherm 2 I 7 O ~ 
the solidus approaches forty-five percent. 
At the zinc end of the series the solidus crosses the 381" 
isotherm at about two percent aluminum, and at the 217' 
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isotherm at nearly four percent. The equilibrium diagram is 
shown in Fig. 2. 
The solidus is drawn as a dotted line between the melting- 
point of pure aluminum and forty-five percent aluminum. At 
present we have no method of determining with any accuracy 
what course it may take. The usually adopted method of con- 
sidering the temperature at which the freezing of the alloy 
ceases to effect the cooling curve markedly is very faulty and 
leads to erroneous conclusions. So greatly is the determination 
of this so-called point influenced by the rate of cooling and the 
personal judgment of the observer as to which temperature to 
Fig. 2 
select, that one finds in the literature flat contradictions due 
solely to this method of determining the solidus. Heycock and 
Neville have tried, with little success, to determine by mechani- 
cal tests the temperature at which liquid first appeared in the 
alloy. Roberts-Austen has tried the method of squeezing out the 
mother-liquor, but his results could have been predicted from 
the work of Joule,j where it is found that pressures as high 
as one hundred thousand pounds to the square inch, continued 
for relatively long periods of time, would not remove the excess 
of mother-liquor. It is true that Joule did not draw this con- 
clusion from his results, but a comparison of his data with the 
recent determinations of the constitution of the alloys with 
which he experimented shows how futile are the efforts to solve 
the problem in this way. Since i t  is impossible to locate the 
solidus accurately by means of the pyrometric and mechanical 
methods (analytical), it would seem rather bold to attempt to 
draw in this line. In  the solid alloy, quenching allows us to 
follow. the course of the solubility curve with comparative ease. 
The same method has been applied to the location of the curve 
for solid-liquid, and with fair success, but for soft alloys like the 
present series, the method does not allow of aiiy great precision. 
In  conclusion, it may he said that the pyrometric and 
microscopic data are in perfect agreement with the deductions 
based on the specific volume relations. TVe are led to conclude 
that this series of alloys presents no so-called definite compounds. 
There are two series of solid solutions, that of zinc in aluminum 
having a limiting concentration of about fifty percent zinc, and 
that of aluminum in zinc of about four percent aluminum, at 
the temperature of 2 I 7 O .  Below this temperature the reaction 
proceeds too slowly to permit of accurate determination, and it 
follows that the above concentratioiis are those which are pres- 
ent in the alloys as met in  practice. 
Theoretically, the specific volume curve should consist of 
three parts: the first, between pure zinc and four percent 
aluminum ; the second, a straight line from four percent 
aluminum to about fifty percent aluminum ; and the third from 
fifty percent to pure aluminum. Owing to the very slight ex- 
pansion of the alloys between zero and four percent aluminum, 
it is not possible to determine this branch of the curve. The 
variation is within the limits of experimental error. 
This investigation was intended as a preliminary to a study 
of  the mechanical properties, and was finished in the spring of 
1904. A change of circumstances has made it advisable to 
publish this portion separately. In  so far as we may predict 
them, the mechanical properties will not show aiiy great differ- 
ence between the cast and annealed alloys. This is due to the 
fact that the alloys apparently reach equilibrium readily, and 
any but very rapid chilling wiJl allow the metal to come to 
equilibrium. Aiiiiealing increases the size of the crystals very 
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greatly indeed, and renders them more brittle. I t  is a fact well 
known to technical men, that these alloys become crystalline 
under repeated shock, and break. I t  is for this reason that they 
have been largely displaced by the ,41-Sn alloys, and are now 
used chiefly for ornamental castings, and for meter cases. 
The aluminum used was an especially pure one, for which 
we are indebted to Mr. Wm. Hoopes, of the Pittsburgh Reduction 
Company, to whom we wish to express our appreciation. The 
writer wishes also to express his gratitude to Prof. Bancroft, 
who kindly supervised the work, and to the Carnegie Institution 
of Washington, which furnished the funds necessary for the 
research. 
Cornell University. 
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